In this paper we investigate the application 
Introduction
IEEE 802.16-based broadband and mobile wireless access is expected to be a significant component in the nextgeneration (e.g., beyond third-generation, 3G) wireless systems [1] . The IEEE 802.16 standard is designed to provide broadband wireless capability using a well defined quality of service (QoS) framework. Therefore, this is a promising technology to provide wireless services requiring high-rate transmission (in the range of tens of megabits per second) and strict QoS requirements (e.g., for e-health applications) in both urban and rural areas.
However, the non existence and underdeveloped telecommunications infrastructure remains an important obstacle to the use of ICTs in rural remote areas, considering that Henan Province China has an alarmingly low teledensity in some rural areas. The financial cost of deploying telecommunication networks in the rural areas outweighs the income which can be generated from such ventures. Heavy investment is needed to lay copper cables and build exchanges to reach these outlying areas. Computer prices might have declined but telecommunication infrastructure continues to be costly and of limited availability [2] . Therefore there is a need to explore on ways in which last mile connectivity can be provided in these remote rural areas. In the absence of electricity, poor cell phone coverage and basic telecommunication infrastructure in Guangshan County, Xinyang City rural areas of China, this paper presents the work being done by integrating VSAT (Very Small Aperture Terminal) technology with WiMAX (worldwide interoperability for microwave access) to offer telecommunication and internet access in this region.
Comparison with Three Technologies
IEEE 802.16/WiMAX is a complementary rather than a replacement technology for 3G wireless systems. While 3G systems are designed primarily for mobile voice and data users, WiMAX systems are optimized to provide high-rate wireless connectivity for a large set of services and applications (e.g., with multimedia traffic) that require QoS guarantees.
IEEE 802.20/MobileFi is being designed specifically for MBWA services. This standard will be optimized for transport of IP services for fixed and mobile users. MobileFi will operate in the licensed bands below 3.5 GHz and provide data transmission speed over 10 Mb/s for user speeds up to 250 km/h. 
Integration of VSAT with WiMAX
VSAT technology is a telecommunication system which is based on wireless satellite technology. VSAT refers to a small earth fixed earth station which provides the vital communication link required to set up a satellite based communication network. The VSAT can be configured to support a variety of protocols, such as TCP/IP, PPP for Ethernet connections, X.25, SDLC, Telnet and other additional legacy protocols. It is used for data, voice and video signals, as well as Internet connections functionalities for wireless telemedicine services. Figure 1 shows the architecture of VSAT.
VSAT System Architecture
The VSAT network is made up of three components; master earth station or central hub which is the network control centre for the entire VSAT network. This is responsible for the configuration, monitoring and management of the VSAT network. The second component is the VSAT earth station. The VSAT station is made up of two separate sets of equipment: the outdoor unit (ODU) and the indoor unit (IDU). The outdoor unit is the VSAT interface to the satellite, whilst the IDU is the interface to the customer's terminal or local area network (LAN) [1] . 
WiMAX Architecture
WiMAX is a standards-based wireless technology that provides high-throughput broadband connections over long distances of up to 50km [3] .
The IEEE 802.16 specification is an interface standard for broadband wireless access systems which uses point to multipoint (PMP) infrastructure designs operating at radio frequencies between 10GHz and 66 GHz addressing issues in the line of sight (LOS) environment. The WIMAX base stations (BS) can offer greater wireless coverage of about 5 miles with LOS transmission within bandwidth of up to 70Mbps [4] .
The WiMAX based solution is set up and deployed like cellular systems using base stations that service a radius of several miles/kilometers. The most typical WiMAX-based architecture includes a base station mounted on a building and is responsible for communicating on a point to multi-point basis with subscriber stations located in business offices and homes. The customer premise equipment (CPE) will connect the base station to a customer as well; the signal of voice and data is then routed through standard Ethernet cable either directly to a single computer, or to an 802.11 hot spot or a wired Ethernet LAN. 
Advantages of Using WiMAX
The advantages of using WiMAX technology for wireless rural e-health services can be summarized as follows.
High bandwidth: Due to the large transmission bandwidth, transmission delay for high quality images such as ultrasound and radiology images can be reduced considerably.
Integrated services: In a clinical grade network that supports fully functional telemedicine services (e.g., diagnostic, physical monitoring, pharmaceutical, and drug dosage management services), the large network capacity can be exploited to communicate various types of monitoring and diagnostic data simultaneously.
QoS support: With the predefined QoS framework, transmission of medical data can be performed efficiently. In a three-level healthcare system deployed in an ambulance, for example, conversation between a physician and a patient can proceed online while diagnostic images are being transmitted.
Security: This is crucial for telemedicine services. Patient information must be communicated in a secure and reliable manner. The MAC layer security feature in the IEEE 802 standard can provide access control and encryption
WiMAX deployment scenario
Guangshan County, Xinyang City with its difficult topographical conditions (semi mountainous) which render the construction of wire networks costly to implement. WiMAX technology with its NLOS capability can be able to offer the backhaul connectivity at affordable rates. The VSAT SpaceStream will provide telecom and Internet connectivity. Utilizing the SkyBlaster 360E ( Figure 3 ) the CPE is plugged into the server through the CPE Indoor Unit to allow Internet connectivity. The CPE is linked to the Micro Base Station. The Micro Base Station handles all the broadcasting of signal to all CPEs associated with it. 
E-health System Architecture
E-health architecture is shown in Figure 4 . The major components in this architecture are data acquisition, processing, and storage. The eHealth platform in Information Quality Lab (IQL) [5] servers are used to store patients' personal and diagnostic data as well as other support data in the system. These servers are connected to the hospital intranet to provide local access as well as remote access to the doctors, staff, and patients. Sensor and measurement devices are attached to the patients, and the data generated by these devices are transferred to the PMIS server via a wired (e.g., LAN) or wireless (e.g., WLAN or personal area network, PAN) intranet. The patient data can be retrieved from the eHealth server and transferred to the doctors' inquiry system. The intranet is connected to the Internet so that patient data can be acquired (e.g., from the patients' home) and retrieved (e.g., from the clinic or ambulance) remotely.
Guangshan County, Xinyang City having such characteristics, it was then proposed to obstacle VSAT and MiMAX integration (Figure 4) to provide for the mission of offering telecommunication and Internet connectivity.
In this system, Township Healthcare Centers (THCs) and Village Clinical Points (VCPs) belong to primary health care. And they are serving for local rural especially. THC provides parts of diagnosis, treatment and simple surgeons but the equipments are not advanced. VCP is the fundamental health care organization in rural area. Every VCP has one or two Village doctors and is composed of a consulting room, a transfusion and observation room, a treatment Room, a drug store and an education room sometimes. 
An Adaptive Radio Resource Management Framework
In this section we present an adaptive radio resource management framework for bandwidth allocation and admission control in a BS of an IEEE 802.16/WiMAX-based wireless telemedicine network.
Resource Allocation and Admission Control
Resource allocation is used to prioritize different type of connections. An admission control scheme is used to reserve radio resources for higher-priority connections and avoid congestion. The bandwidth allocation and admission control protocol works is shown in Figure 1 . 
Subchannel Allocation Algorithm
For this, we present a subchannel allocation algorithm based on the water filling principle. In Algorithm 1, Sc and Cn denote the sets of unallocated subchannels and connections, respectively, Sc i,k is the size of burst of connection i in subchannel k, and N i is the transmission rate requirement of connection i. 
